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This invention relates to the puri?cation of ethanol 
amine solutions and, in particular, to the removal of or 
ganic acids and salts from such solutions by means of 
extraction with alcohols. It is especially adapted -to the 
removal of organic acids and salts thereof from ethanol 
amine solutions which have been used in the regenerative 
removal of hydrogen sul?de from certain petroleum re 
?nery operations. . 

In order to remove hydrogen sul?de from petroleum 
re?nery gases and, also, from certain liqui?ed petroleum 
products, it is common practice to contact streams 'con-' 
taining hydrogen sul?de with an aqueous solution of an 
ethanolamine, whereby the hydrogen sul?de is absorbed, 1 
and then to regenerate the ethanolamine solution for 
repeated further use. This regeneration is accomplished 
by steam (or heat) stripping the hydrogen sul?de from 
the ethanolamine solution. Such a procedure is de 
scribed in U. S. Reissue Patent 18,958. in cases where 
the hydrogen sul?de content of the gas, or liquid, stream - 
is appreciable, such procedure has almost completely re 
placed the use of strong alkalis such as aqueous sodium 
hydroxide solution for removing the hydrogen sul?de, 
since such strong hydroxide can not readily be regen 
erated and its use would entail a prohibitive reagent 
cost. However, some re?nery streams containing‘large 
quantities of hydrogen sul?de also include small amounts 
of stronger acidic materials, such as acetic acid, formic 
acid and the like. When these streams are treated to 
remove hydrogen sul?de by the regenerative ethanol 
amine procedure, due to their higher acidity these 
stronger ‘acids are not removed in the steam regeneraé’ 
u'on step but form more or less permanent ethanolamine 
salts which, in time, consume the ethanolamine and ren 
der it unsuited for further use. An expedient commonly 
used to extend the life of such contaminated ethanol 
amine solutions is the addition thereto of sut?cient strong 
alkali, such as sodium hydroxide, to decompose the eth 
anolamine salts thereby forming sodium salts and lib 
erating the ethanolamine. Such expedient, however, is 
only of a temporary nature for, in time, the resulting so- ‘ 
dium salts accumulate in the ethanolamine solution until 
it becomes ineffective and must be replaced, thereby re 
sulting in a substantial loss of a relatively expensive re 
agent. 
The present invention is directed to a process for re- ' 

covering ethanolamine from such contaminated solu 
tions. In accordance therewith, an ethanolamine in a so 
lution containing strong organic acids, but from which 
weak acids such as hydrogen sul?de have been removed, 
is extracted in several stages, preferably countercur 
rently, with certain alcohols which are relatively insol 
uble in water yet are satisfactory solvents for ethanol 
amine. The ethanolamine is thereby extracted from the 
salt contaminated water solution and enters the alcohol 
phase. The resulting alcohol-ethanolamine solution is 
then extracted with water in several stages, also prefer 
ably in a counter-current manner, whereby a water solu 
tion of ethanolamine is produced. The aqueous ethanoli 
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2 
amine solution may then be returned to the re?nery for 
reuse in hydrogen sul?de removal, and the water-washed 
alcohol reused for further extraction of salt contami 
nated ethanolamine solution. 
The alcohols suited for the process are aliphatic al 

cohols having from 5 to 8 carbon atoms, the preferred 
being n-hexanol. Mixtures of such alcohols may be ad 
vantageously used, especially when they can be obtained 
more economically than relatively pure materials. While 
the 5 carbon atom alcohols are useful, their greater solu 
bility in water than the higher molecular weight alcohols 
results in higher material losses occasioned by their dis’ 
solving in the aqueous salt contaminated solutions dur 
ing the extraction of the ethanolamine. Alcohols of 7 
and 8 carbon atoms are less effective extractants than 6 
carbon atom alcohols because of their lower solubility 1 
for ethanolamine, but have the advantage of lower water 
solubility losses. 
The invention may be more readily understood by ref‘ 

erence to the accompanying drawing which illustrates in 
diagrammatic form the present invention as used in con 
junction with a hydrogen sul?de-ethanolamine treating 
process. , 

- In the drawing, the hydrogen sul?de regenerative re 
moval process is represented by absorber 1, having inlet 

- ‘line 2 for a gaseous stream of hydrocarbons containing 
hydrogen sul?de along with other acid gases, outlet line 
3 for return of stripped hydrocarbons, regenerator 4 
with hydrogen sul?de gas outlet 5 attached to the re 
generator by means of “knockback” condenser 6, heater 

1 7 for supplying stripping action to the regenerator, line 
8 for transferring HzS lean ethanolamine solution from 
regenerator 4 to absorber 1, and transfer line 9 for trans 
ferring H28 fat ethanolamine solution from absorber 1 
to regenerator 4 through heat exchanger 10. Lines 11 
and 27 may be provided for caustic alkali additions 
needed to neutralize organic acids. 

In accordance with the present invention there is 
provided line 12 for removing contaminated ethanol, 
amine solution from the system. In line 12 there may 
be provided storage or surge tank13 connected by line 
14 to the alcohol extraction apparatus represented by 
counter-current contacting tower 15. In tower 15, line 
16 is provided for the introduction of alcohol and lines 
17 and 18 for, respectively, the out?ow of waste salt so 
lution and alcohol-amine solution. Line 18 enters water 
contacting apparatus represented by contacting tower 19 
which is provided with water inlet line 26 and aqueous 
amine outlet line 21. Make up alcohol may be, fed into 
the system through line 22 as required. Stripping tow; 
ers 23 ‘and 23’ may be advantageously provided for con? , 
centration of the amine solution as will be more fully ' 
described later. Steam coils 24 and 24' are provided 
to supply heat for eliminating excess water which leaves 
the system through exit lines 25 and 25'.’ A surge or 
storage tank 26 may be provided in line 21 which pro 
vides for returning the recovered amine solution to ab 
sorber 1. Lines 27, 28, and 29 may be provided for, 
supplying caustic solution from line 11, as desired, to 
neutralize any acids present. 
As is now well known in the art, hydrocarbon gases ‘ 

containing hydrogen sul?de are fed into absorber 1 
wherein they pass upwardly and countercurrently to a 
downward stream ‘of ethanolamine solution. Usually 
such amine solution is an aqueous solution containing 
10% to 20% of monoethanolamine, diethanolamine, or 
tiiethanolamine. The amine solution, due to its alkalinity, 
extract the H25 from the gases which leave through line 
3. The foul amine solution passes through line 9 to 
regenerator 4 wherein due to heat supplied by coil 7 his 7 
‘stripped of its HzS which leaves through line 5 for dis 
posal. The amine solution, stripped of its HzS, is re 
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turned to absorber!’ through line 8. Asstated above, j 
in. frequent’. cases. the. hydrocarbon gases. contain small . 
quantities of a stronger acids or 'acid forming materials 
which are not stripped from the amine solution 1n strip 
per 4. In such. cases the life o’fthe amine solution may 
be extended somewhat by the addition of caustic solution 
from line 11, ‘as through line 27.’ As the resulting alkali 
salts accumulates in the :solutionit'would normally be‘: 
necessary'ultimatelyto discard at, least a part of‘ the 

. amine solution, as through line 12, and supply fresh make 
up ‘amine from tank 26 through line 21. In this connec-‘ 
tion, the. processing heretofore described is consonant with’ 
conventional practice; ‘ 

.- . In accordance. with. the invention, amine ‘solution which ' 
' has been contaminated,byaccuniulation ofistrong organic 
acids or by alkali saltsthereof is' withdrawn'through line‘ 

.' 12. Ifbatch recoveryof the amine is desired, thew-ith 
' drawn stream ‘may. be passed to storage tank- 13rto await 
processing. However, the' invention may also be apphecl'v 
by withdrawing a. smallv continuous stream of containi-v 

‘ nated amine solution. through. line .12 and ‘passing it 

.15 

directly to contactor 15.‘ In either case amine solutionyi 
obtainedeitherlfromvtank 13.0r directly through line 12, ' 
is. passedthrough line. 14 to contactor 15 wherein it is; : 
passed countercurrently. to afwater ‘immiscible-alcohol '25, 
entering contactor. 15. through line~16l As the amine... 

_ solution passes downwardly through contactor 15 atvleast' 
the majoryportion. of the amin'e‘in the aqueous solution ' 

vis_ extracted by the alcohol, ‘and: the remaining'solution 
containing substantiallyall of. the salts andypossibly, 
some unextracted amine passes'rout.‘ through line 1.7»to.“_ 
discard. . " 

I The amine-enriched alcohol leaves tower 15 ‘throng 
, line 18 and is fed into'the bottom of tower 19 wherein 1 

’ itpasses upwardly countercurrent to a stream of water? 
' ' introduced through line 20. The water extracts from the 

alcohol’ the amine dissolved therein andleaves'tower-19v 
through line 21. The alcohol, now;.'freed of ‘most of its 
amine, is returned to ,‘tower 15 through line 16 for fur 
then use therein. Depending. upon the ratio of water to . 
alcohol-amine solution. introduced into tower 19, the“. 
aqueousrsolution of amine may‘ be either more concen~ 
trated or more ,dilute than is desired in .thefhydr'ogen-f 

In either case? proper adjustment of' 
amine content maybe made by addition. of waterin 
tank 26 or, usually, by strippingout water .byistripper 23". 

sul?de extraction. 

.Whi‘Ch‘may cvonvenientlybe interposedin line 21. ' ' ’ 
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,Inthe event that it is desired to concentrate. theamine 5' I 
solution fed. to extractor. 15.‘ this mayv be accomplished; 
by. passing’ the {solution through. stripper. 23 by. operating; 

4 . 

‘I acceptable. Likewise, the ratio of water to alcohol-amine 
solution introduced into tower, 19‘ may be varied; large 
amounts of water resulting in weaker amine solutions 
returned .to the H28 absorption process through line .21, 
while too little water results in power extraction of 
amine from the alcohol returned to tower 15 which ‘in. 
turn will increase losses-of amine in the rejected salt ' 
solution in line Too’ much water may alsorejsult in 
the loss. of'excessive'amounts of alcohol, dependingrupon 
thewater. solubility of. the particular alcohol used. Oldie . 
satay, the" ratio ‘of the'waterto the when the alcohol 
amine. solution Lrnay advantageously be. suchvas. tofgive 
approximately the required concentration of amine: in 
the solution leaving tower 19 through‘lin'e' 21. "The stream 
of fresh water fed;-to tower19 may be only a fraction of t 
the volume of alcohol circulated. 'Thus, ‘a ratio of water . 
to alcohol between 1:4 and 1:6 may be used. 

Asrwill be readily apparent to the skilled engineen'the 
extractions in. towers 15- and 19 will'not normally be» com; -_ 
plete: depending upon many factors, ‘such as temperature, 
alcohol used, proportionsfe?iciency, number of_ stages 
of contact, and the like. Thus, the waste salt solution 
leaving tower 15 through line_17 may contain some unexf'r \ ' 
tracted amine; This mayv vary, depending on conditions; 
from. a negligible amountup ‘to -'even~25.% or more. 
Though this represents a loss of amine’, such loss'may be 
reconciled by the recovery ofv the remainder ofJamine, 
which. is. totally lost in conventional practice. 
thealcoholsolution leaving. tower 19 may contain some 
unextracted». amine, which for bestoperations should be 
maintained .at a low value. Likewise, the water-amine 
solutionleaving. tower 19 'may contain traces of alcohol ' 7' 

- which will not interfere in the hydrogenv sul?de absorp 
tion- process and; will eventuallyreturn at least in part 
tothe aminerecovery system throughjline 12. The waste 
salt solutionleaving tower ,15 will contain small'amounts 
of alcohol, depending on the solubility of the particular 
alcohol in. such solution. 'As this represents -a loss. of 
treating; agent, conditions should be so chosen to mini-v 
mize‘. this. ‘loss. This may be accomplished by proper 
selection. of alcohol, and ratio of alcohol to contaminated 
aminesolution. , _. . 

In?orderto neutralize any free acid in the contaminated 
solutionfedtotower 15 through line 14, caustic its-padded " ’ 
fronrline 11, through lines 28 or 29 as desired. 

-To..illustrate.the e?ectiveness of the variousCs ‘to Ca‘ 
alcohols; foruse ‘in. the. process, the following table'is . 
presented showing the solubility of ‘several Cs'to‘Ca'I - 1 " 

H alcohols in water and the amount of amine which may 

valves; supplied for this purpose; 7 In. the operation of; 
strippers 23;}‘and 23’, the .descendinggamin'e. solution passes ' 
in contact withupwardlyrisingvapors producedby heat-f 
ing coilslttand 24L. 'Excessjwater is driven o?'throllghf' 
lines" 25 'ah'd..25-' and the concentrated. amine solution 
after cooling is returned to lines 12 and --21'r'espectively. 
Depending upon the concentration of amine in thei‘con- ‘ 

'tarninated solution, the particular alcohol used, andLsome-; 
what on the temperature, the ratio of ‘alcohol .to. amine. 

I solution may varyover fairly wide, limits. If;too little» 
alcoholisused insu?icientextraction of, amine will result’. 
and, if 'too'rnuch, there maybedi?icultyin the subse 
quentwa'terextraction step ‘in, tower, 119., i. ‘e.,-much.wate_r. ; 
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will be ‘needed for e?icient extraction of the. amine'from - . 
I .theralcohol, ‘resulting, in a moretdilute recovered amine 
solution. ._In_ view of. the] fact that the ethanolamineish 
considerablymore. soluble in thewater than in the alcoé" 
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holjfor e?icient countercurrent extraction the. stream; of - 
alcohol vcirculated between towers 15 and '19 should be 

‘ seyeral'tin'tes'greater than the, stream ol'conta'minated} 
amine?solution fed.w toy.ltower,v 15 through line 14. Good 7 
extraction may be obtained with an efficient tower when 
clr‘ciulatingj8; to. l_2,volurnes ofalcohol, for'example'n 

‘- hexanol, per volumeof amine feed solution; though-‘a 
lower ratio; maybe. used ‘if lower recovery of amin‘eliist 
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be; extracted. from .aqueous. solution ‘by’ such alcohols 
when aqueous amine solution is agitated with an equal 
vQ1um<i9ialcohoL I . . > r ' ‘ 

.‘ Solubility ' Y '5 

Alcohol’ 1:1:H2Q‘, Percent Amine Extracted 
v V , > Weight, from Aqueous?olutlon’ 

vPercent ' " r '_ i. 

n-amyl alcohol _______ __> _____ __'__ 2. 7 15.2 (diethanolamine); 
methyl amyl alcohol. ‘‘ , , 1.7. 7.3 (monoethanolamlne). 

‘Do‘ ' 1.7 7.9 (diethanolamine); i 
1.7 1 8.9(triethano1amtne).. , 

0. 43 t 8.3;(diethanolamine). 
0. 58 11.9, (diethanolarnine). 
0.10 5.8 (diethanolamineg; 
0. 12‘ 6.1.(diethanolamlne . 

It will be ‘noted from thetable thatfthen-hexanolioiiers v~ 
the advantage of low waterfsolubility'combinedwithgood 
solubility'ofj amine, although the other‘. alcohols. may be. 
suitable. ‘ “Y “3 ’ '1 ' 

Likewise, ' 

‘To ifurtherillustrate‘theinventionthefollowing ‘examplev _, .7 _ 
sh’o'v'vsfav particularr’applicaltion: ' ' - 

'Example.--A1stream§of contaminated diethanolamine . . 
solutionv substantially free" from 'hydrogenfsul?deibuticonel ~ 

.;ta'iriiiig about 15% .diethanolamin'e’ andfabout 5.3%’, one 
habitat-19w .iaasrmabexéae 
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currently extracted at a temperature of about’ 80° F.'with , 
eight times its volume of n-hexanol. The residual aqueous 
solution from the extraction will contain substantially all 
the salts and most of the water, together with a small 
amount of the amine and a trace of alcohol. The ex 
tracted amine-alcohol solution, containing about 98% 
alcohol and about 2% amine, is then countercurrently 
extracted with one-quarter its volume of water. The re 
sulting water solution will contain approximately 7% 
amine which is suitable for reuse as an absorbent for HzS 
in the puri?cation of hydrocarbon gases. The extracted 
cohol, still containing minor amounts of amine, is re 

turned for further extraction of additional contaminated 
amine solution. Depending on the efficiency of the ex 
traction apparatus, the amine recovery in the foregoing 
procedure may vary from 85% to 95%. 

It is to be understood that while the invention is de 
scribed above in connection with the treatment of hydro 
carbon gases to remove hydrogen sul?de, no claim is made 
to‘ this step per se. Ethanolamines are used commercial 
ly in similar manner to treat liqui?ed hydrocarbons for 
hydrogen sul?de removal and the invention is appropriate 
ly applicable thereto. The primary feature required for 
use of the invention is that the amine solution is con 
taminated with strong acids or salts thereof. 
While in the foregoing there are described the preferred 

embodiments of the invention which have been found in 
practice to give satisfactory and reliable results, it is to 
be understood that the same is susceptible of modi?ca 
tion in various particulars without departing from the 
spirit or scope of the invention or sacri?cing any of its 
advantages. As an example, in a speci?c illustration of 
the invention as set forth in the foregoing the process was 
carried out at a temperature of 80° F., however, the 
temperature may vary between 40° F. and 120° F. or 
even higher or lower, the higher temperatures tending 
toward less selective extractions while the lower tem 
peratures may not justify the cost of any refrigeration re 
quired. As another example, the extraction towers 115 
and 19 are shown in the drawing as containing contact 
trays, whereas various forms of contact apparatus will be 
recognized as suitable for use, such as Raschig ring packed 
towers, and the like. Furthermore, the operations ‘of the 
invention may be carried out in a plurality of settling 
vessels with mixing devices suitably disposed therebetween. 
We claim: 
1. A process of recovering substantially salt-free etha 

nolamine from an aqueous ethanolamine solution con 
taminated with dissolved salts which comprises: mixing 
such solution with a substantially water-immiscible ali 
phatic alcohol containing from 5 to 8 carbon atoms there 
by forming an alcohol phase enriched in ethanolamine 
content and an aqueous phase containing said salts in so 
lution, separating from the resulting mixture alcohol 
enriched in ethanolamine content, then recovering etha 
nolamine from said enriched alcohol. 

2. A process of recovering substantially salt-free etha 
nolamine from an aqueous ethanolamine solution con 
taminated with dissolved salts which comprises: mixing 
such solution with a substantially water-immiscible ali 
phatic alcohol containing from 5 to 8 carbon atoms 
thereby forming an alcohol phase enriched in ethanol 
amine content and an aqueous phase containing said salts 
in solution, separating from the resulting mixture alco 
hol enriched in ethanolamine content, then mixing said 
enriched alcohol with substantially salt-free water and 
separating from the alcohol-Water mixture Water contain 
ing ethanolamine in solution. 

3. A process of recovering substantially salt-free etha 
nolarnine from an aqueous ethanolamine solution con 
taminated with dissolved salts which comprises: mixing 
such solution with a substantially water-immiscible aliphat 
ic alcohol containing from 5 to 8 carbon atoms thereby 
forming an alcohol phase enriched in ethanolamine con 
tent and an aqueous phase containing said salts in solu 
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tion, separating from the resulting mixture alcohol en~ 
riched in ethanolamine content, then mixing said enriched 
alcohol with substantially salt-free water and separating 
from the alcohol-water mixture water containing ethanol 
amine in solution, then treating additional contaminated 
aqueous ethanolamine solution with the alcohol from 
which said water has been separated. 

4. A process of recovering substantially salt-free eth 
anolamine from aqueous ethanolamine solutions con 
taminated with dissolved salts which comprises: contact 
ing such a solution with su?icient substantially water 
immiscible aliphatic alcohol containing from 5 to 8 car, 
bon atoms to extract into solution in said alcohol the 
major portion of said ethanolamine while leaving most of 
the water as a separate aqueous phase containing said 
salts in solution, separating the resulting alcohol-ethanol 
amine solution from said aqueous phase, contacting the 
separated alcohol solution with sufficient substantially 
salt-free water to extract into said Water the major por 
tion of the ethanolamine content of said alcohol solution 
While leaving most of the alcohol as a separate phase 
and separating the resulting water-ethanolamine solution 
from the alcohol phase and returning said alcohol phase 
to the process for contacting with additional contamin 
ated aqueous ethanolamine solution. 

5. A process of recovering substantially salt-free eth 
anolamine from contaminated aqueous ethanolamine so 
lutions which comprises: countercurrently contacting a 
stream of aqueous ethanolamine solution containing dis 
solved salts of strong acid radicals with a stream of 
substantially water-immiscible aliphatic alcohol of from 
5 to 8 carbon atoms obtained from a later stage of the 
process under conditions sut?cient to extract into said 
alcohol stream the major portion of the ethanolamine 
content of said aqueous stream while leaving said salts 
dissolved in said aqueous stream, withdrawing the thus 
enriched alcohol stream from contact with said aqueous 
stream and passing the same in counter-current contact 
with a stream of substantially salt-free water under con 
ditio-ns su?icient to extract into said water stream the 
major portion of the ethanolamine content of said en 
riched alcohol stream, withdrawing the resulting stream 
of water-ethanolamine solution and returning the result 
ing ethanolamine-lean alcohol stream to the process as 
the aforesaid stream of aliphatic alcohol. 

6. A process according to claim 5 wherein the ethanol 
amine is monoethanolamine. 

7. A process according to claim 5 wherein the ethanol 
amine is diethanolamine. 

8. A process according to claim 5 wherein the ethanol 
amine is tn'ethanolamine. 

9. A process according to claim 5 wherein the ali 
phatic alcohol is a member of the group consisting of 
n-amyl alcohol, methylamyl alcohol, 2-ethyl butanol, 
n-hexanol, Z-ethyl hexanol and n-octanol. 

10. A process according to claim 9 wherein the ali 
phatic alcohol is methylamyl alcohol. 

11. A process according to claim 9 wherein the ali 
phatic alcohol is 2-ethyl butanol. 

12. A process according to claim 9 wherein the ali 
phatic alcohol is n-hexanol. 

13. A process according to claim 9 wherein the ali 
phatic alcohol is Z-ethyl hexanol. 

14. A process according to claim 9 wherein the ali 
phatic alcohol is n-octanol. 

15. In a process of treating petroleum fractions con 
taining relatively large amounts of hydrogen sul?de and 
relatively minute amounts of stronger acids and wherein 
the petroleum fractions are treated with aqueous ethanol 
amine solution to remove said hydrogen sul?de and said 
ethanolamine solution is regenerated by stripping said 
hydrogen sul?de therefrom, the method of preventing 
the accumulation of ethanolamine salts of said stronger 
acids in said ethanolamine solution comprising: with 
drawings regenerated ethanolamine solution, adding alkali 



‘hydi'oxide tor'decompose ethanjolamine salts of said i‘ 
stronger acids, and .form alkalilsalts thereof! contacting ' 
the Withdrawn ethanolamine solution with’ substantially ‘ 
water-immiscihle aliphatic alcohol of from .5 ‘to 8 carbon 7 > 
atoms under‘conditions su?icientto dissolve into said 
alcohol the major portion of the ethanolamine'content ' 

_ of said Withdrawn ethanolamine solution while leaving " 
said'alkali salts dissolved in the resulting .ethanolamine- ' 
impoverished aqueous ‘solution, separating the thus-en- ' 
riched alcohol from the thushimpoverishedaqueous solu 
tion, discarding said impoverished aqueous solution, then 
contacting said enriched alcohol with substantially salt-s 
free water under conditions su?icient to dissolve into said 
water the major portion of the; ethanolamine content of ' V 

15 said enriched alcohol thereby pfomiingsarwaten-ethano 
lamine solution and "an ethanolamine-impoverished al-' 
cohol solution,‘ separating the resulting water-‘ethanol 
Vamine solution- and'returning the same to the process for 
treating further. quantities of petroleum fractions,’ and: 
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returning- (‘12¢ thus ininqverishedalwhql for; ‘contacts with 

>l6., A ‘process according-to claim 15 'in which the 
' aqueousethanolann?e solution containsvirom about 10%v 
'to'about 20% ‘by weight ‘of ethanolamine. ~ - ' 

' ‘furthers wa??iss ,qf withdrawn aqueous ‘ethanolamine 
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